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Abstract 
Using system dynamic model that captures the enterprise strategic behavior of two competing enterprise, this study explore and 
analyze the strategic benefit of gaining volume flexibility capability considering both the expected behavior of competition and the 
market dynamics. By conducting a game theoretic comparative analysis for simultaneous decisions made by competitors under 
different market scenarios in different industry and market setups, results shows, to achieve high productivity, profitability, 
efficiency and maximum utilization rate, industrial enterprise should select from a wide range of strategic capabilities that match 
the state of its external environment requirements with responsive rate that matches the product life cycle span. 
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1. Introduction 
Theory and practice suggest that the design and 
capabilities of an organization must fit, or be suited to, 
the conditions of their environment. Furthermore, as 
industries evolve overtime with changes in products, 
technologies, competitors, demand, and regulations, 
this requires organizations to reconfigure themselves 
to ensure that their capabilities maintain a fit with the 
needs of the environment. This issue of managing 
capability fit overtime straddles contingency theory 
and dynamic capability, and is the focus of this 
research. 
Industrial researchers developed flexible 
manufacturing systems to respond to the request for 
more variety of product styles dictated due to new 
market challenges and uncertainties. These systems 
are capable of adapting to changing demand patterns 
which in turns gave a sort of competitive advantage 
and production flexibility to the organizations that 
implemented it. Skinner [1] introduced manufacturing 
strategy as to exploit certain properties of the 
manufacturing function to achieve competitive 
advantages. Since his work, scholars contributed in 
defining the manufacturing strategy under the 
umbrella he proposed. Manufacturing strategy 
commonly used definition is “a pattern of decisions, 
both structural and infrastructural, which determine 
the capability of a manufacturing system and specify 
how it will operate, in order to meet a set of 
manufacturing objectives which are consistent with 
the overall business objectives” [2]. Manufacturing 
strategic objectives were identified as Cost: production 
and distribution of products at low cost; Quality: 
manufacture with high quality or performance 
standards; Delivery dependability: meet delivery 
schedule; Delivery speed: react quickly to customer 
orders to deliver as promised; and Flexibility: react to 
changes in product, product mix, modification to 
design, fluctuations in material, and changes in 
sequence [3].  
Assuming that there are supportive relationships 
and inhibiting relationships between capabilities, 
supporting the trade-off view, [4] studied the role 
played by manufacturing strategic objectives and 
capabilities and its relation with business performance 
in empirical analysis for 148 Spanish manufacturer. 
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The analyses indicated that cost leadership must be 
associated with manufacturing strategy and 
capabilities focused on cost reduction to be effective. 
In contrast, manufacturing strategy and capabilities 
focused on flexibility are necessary for an effective 
business strategy based on differentiation. The major 
differences in performance outcomes was related also 
to cost and flexibility, such that lean manufacturing 
has a significant impact on cost performance, and that 
agile manufacturing has a stronger relationship with 
volume as well as product mix flexibility. The study 
confirms that the firm still have to select certain 
capabilities and focus on it to achieve either cost or 
flexibility leadership.  
This shows that the trade off in selection in the 
structural and infrastructural decisions starts from the 
beginning of the business cycle and evolve to expand 
as much as possible according to the available market 
space left by competition. As the competition 
advances in the market, the technological complexity 
increases as well due to the flow of forced investments 
that seeks competitive advantage. So, the industry 
strategic portfolio, which represents the competition 
interaction between firms, will affect the overall 
market growth dynamics. And the capability of 
instantaneous capacity adjustment and perfect 
forecasting for future demands and industry capacity 
become the major performance variables that affect 
the market winner [5]. This bring to attention the 
importance of the capability the enterprise build over 
time and how dynamic it is to match with the market 
changing conditions. The strategic decision in this 
case is irreversible, vital for success and in most cases 
there is a trade offs in selection. This study explores 
the strategic flexibility capability that fits with the 
market requirement and the degree of competition it 
faces in its market(s). 
2. Mathematical Model 
2.1. Model Structure 
The model boundary is at the industry level 
including the dynamic environment in which the firm 
operates. Instead of focusing at the firm-level, factors 
within an industry are taken into account when 
crafting strategy, including intra-firm organizational 
factors, inter-firm competition and cooperation, and 
firm-to-industry interactions. To explore the link 
between the manufacturing objectives and their effect 
on the total industry performance in terms of 
profitability, product availability and capacity 
utilization in an attempt to better manage the strategic 
decisions managers face in different market scenarios, 
the model can be configured to represent an arbitrary 
number of firms and though the simultaneous 
interaction is considered and calculated through 
scenario based analysis. The simulator can be adjusted 
to include the strategic intent towards capacity 
adjustment decisions, advertising spending, pricing 
strategies, volume flexibility and new product 
development. On the supply side, each firm receives 
orders from customers, then manufactures and ships 
the products, and this adds to the installed base in the 
market. On the demand side, customers are segmented 
into two major segments based on attractiveness to 
product availability or product prices. 
In a zero sum market competition setup, the firm 
uses strategic decisions to realize its target market 
share. In an attempt to quantify the enterprise strategic 
flexibility, as shown in Figure 1, [6] used four macro 
feedback indicators to the strategic choices of the firm.  
The performance feedback measure defined in this 
model is the market share, utilization capacity, net 
profit and volume flexibility. These are indicators to 
test the organizational capabilities fit with market 
segment benchmark. The benchmark is assumed to be 
the product availability and product prices. Quality is 
assumed to be given and will be excluded from the 
product attractiveness factor due to the fact that low 
quality products will not have the chance to stand in 
the market for long terms against normal industry 
practices such continuous improvement programs. The 
available strategic decisions, i.e. controllers, for the 
firm to select from are intensive training to enhance 
the returns from the learning curve, capacity 
adjustment through facility expansion, outsourcing / 
strategic alliance, prices adjustment, concentration in 
marketing activities, or focusing on new product 
development through research and development. 
The performance feedback measure defined in this 
model is the market share, utilization capacity, net 
profit and volume flexibility. These are indicators to 
test the organizational capabilities fit with market 
segment benchmark. In this case the benchmark is 
assumed to be the product availability and product 
prices. Quality is assumed to be given and will be 
excluded from the product attractiveness factor due to 
the fact that low quality products will not have the 
chance to stand in the market for long terms against 
normal industry practices such continuous 
improvement programs. The available strategic 
decisions, i.e. controllers, for the firm to select from 
are intensive training to enhance the returns from the 
learning curve, capacity adjustment through facility 
expansion, outsourcing / strategic alliance, prices 
adjustment, concentration in marketing activities, or 
focusing on new product development through 
research and development. 
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Fig. 1. Enterprise Strategic Flexibility Model Structure [6]. 
2.2. Mathematical Model 
The market is represented by two segments of 
customers: one attracted to price and the other 
attracted to availability. The attraction to price and 
cost affect the total attractiveness of a customer to the 
product and is calculated as: 
(i) A *(i) A =(i)  A VPT  (1) 
Where AT (i) is the product’s total attractiveness, 
AP (i) is the attractiveness of price and Av (i) is the 
attractiveness of availability. The attractiveness of 
product availability and product price are calculated 
as: 
(i)) D* (S exp=(i) A PVV  (2) 
(i))L / (i) P* (S exp=(i) A PPP  (3) 
SV and SP capture the customer’s preference for 
availability and price respectively. The firm’s delivery 
performance, DP, is the delivery delay Dd compared to 
the reference delivery delay benchmark known by the 
customer in the market. Delivery delay is the ratio of 
backlog, B (i), to shipments S(i) given by Little’s Law 
[7]. Finally, due to advancement in advertising and 
information technology, the customer compares the 
price, P, in reference to the lowest available price at 
any point in time, LP. The firm’s score in product 
attractiveness may limit its total industry order share, 
the order rate is calculated as: 
(i))/dt) ((dO*(i) A =dO(i)/dt  rT  (4) 
Where O (i) is the orders received by the firm. The 
total industry order rate dt depends on the initial 
industry orders and the rate for product replacement.  
Volume flexibility, VF, is considered to be the 
ability to operate efficiently, effectively and profitably 
over a range of volumes [23] and is expressed as:  
C(i))*(i))/(b(i)  F (a  -1=VF(i) c  (5) 
(i)   UF*(i) C=(i) F cc  (6) 
(i)  UV-P(i)=(i) b c  (7) 
540   A. Arafa and W.H. ElMaraghy /  Procedia CIRP  3 ( 2012 )  537 – 542 
 
Where Fc(i) is the total fixed cost, UFc(i) and 
UVc(i) are the unit fixed and variable cost respectively, 
b is the contribution margin for the product and P (i) is 
the product price. Greater sales and production 
accumulation experience lead to learning that lowers 
unit costs. Unit direct costs can be reduced either by 
the concept of learning by doing as manufacturing 
experience accumulates or by investment in process 
development which enhance the product delivery 
performance to the market. The learning effect is 
captured by adjusting the strength of learning curve 
that affects the learning curve exponent. The relation 
is expressed as fractional reduction in unit costs per 
doubling of cumulative production. Both the firm’s 
fixed and variable costs are affected by the learning 
effect the organization has.  
Table 1. Selected parameters for the base case 
Parameters Value Unit 
Normal delivery delay NDD 4 Month 
Outsourcing delay OD 0.25 Year 
Product Price P 1000 $ / Unit 
Normal capacity utilization NCU 80 % 
Capacity acquisition delay CAD 1 Year 
Learning curve strength LS Log2 0.7 Dimensionless 
Capacity units per part  a 1 Dimensionless 
 
The responsiveness of order fulfillment through 
production and outsourcing is calculated as follows: 
(i) S -(i) S -(i)  O=(i) B oAr  (8) 
(i) S +) (i)  C(i), S ( MIN=(i)  S odA  (9) 
) (i)  O (i), B ( DELAY1 =(i) S Do  (10) 
(i)  NDD / (i) B =(i) Sd  (11) 
Where B (i) is the backlog,  (i) SA is the actual 
shipment the enterprise successfully fulfilled, (i) Sd  is 
the desired shipment needed to deliver orders with 
average delay equal or less to the market benchmark 
of normal delivery delay NDD (i) , C(i) is the firm’s 
production capacity and So(i) is the outsourced 
products. The firm starts outsourcing with outsourcing 
performance delay OD (i).  
3. Simulation Results 
3.1. Enterprise Strategic Flexibility 
Enterprise Strategic Flexibility (ESF) is defined as 
the ability to adapt the enterprise resource base to 
external changes through its manufacturing 
configuration. In this sense flexibility is critically 
important, because the firm capability to transform 
itself is essential for sustained growth and economic 
profitability in competitive environment. In this 
section, comparative results from various simulations 
are conducted to explore and investigate the impact of 
volume flexibility as a capability on the firm’s 
performance to test the validity of the ESF definition.  
To explore the behavior of enterprise strategic 
flexibility as a capability, [8] developed, analyzed and 
compared three scenarios. The learning effect, the 
order fulfillment capability, and the outsourcing 
performance were the major three themes of 
competition between firm F1 and F2. Each scenario is 
conducted separately to highlight the significance of 
the assumption that causes performance difference. By 
comparing the three scenarios together to evaluate the 
relative importance of the strategic actions taken by 
the enterprise in relative to each other and in relative 
to the external market conditions as well. 
By comparing all three scenarios, as shown in 
Figure 2, the following observations are revealed: 
x Supply chain management practices, such as 
outsourcing and strategic alliances, lead to the 
greatest source of volume flexibility if compared to 
other internal sources of flexibility, such as order 
fulfillment performance or the learning curve’s 
positive effect on fixed and variable units cost.  
 
Fig. 2. The Three scenarios comparison (40 Years). 
x The Second best managerial practice for firms, in 
the presented market structure and scenarios, is to 
focus on achieving the normal delivery delay 
standards of the industry.  
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x Due to the exponential characteristic of the learning 
effect and its impact on business performance, the 
performance difference between firms over market 
share is delayed approximately by one year. 
3.2. Sensitivity Analysis 
In the comparison between the learning effect, 
outsourcing delay and normal delivery delay, the 
market speed is a central assumption to these scenarios 
that controls the model behavior. Results are sensitive 
to the adoption rate of the market which in a sense 
represents the product life cycle speed. It is concluded 
that faster market scenarios, due to changes in the 
advertising strength or the strength of the market word 
of mouth (WOM) may change the sequence of 
effective strategic decisions for the enterprise.  
Analysis shows that the training effect may 
overcome gains achieved from focusing on meeting 
the normal delivery delay benchmark of the industry. 
Also analysis shows that faster accumulation of 
production experience in faster market scenarios may 
lead to more savings in production cost and therefore 
less prices and bigger market shares. Finally, 
outperforming in outsourcing performance remains a 
dominant strategy in the three presented scenarios 
market for products that is best described with a long 
term product life cycles. This highlights the potential 
of global collaboration to building global cooperative 
manufacturing network for products that sustain. 
4. Results Discussion 
4.1. Main Findings 
Matching between the firm capabilities and its 
external environment is critical factor for enterprise 
success. Enterprises that focused on matching the 
industry normal delivery delay were able to capture 
the market segment attracted to product availability, 
while those who focused on cost reduction captured 
the market segment attracted to product price. This 
confirms that the reconfiguration and transformation 
of the firm boundaries, resources and capabilities 
based on the industry benchmarking is critical to 
success. Success level is relative to both the 
competitor simultaneous actions and performance 
while the effect differs from market to another.. The 
“FIT” is the rule. 
The organizational learning ability is represented in 
skills and knowledge due to the effect of production 
experience accumulation over time and this confirms 
that the competitive advantage is competitive when it 
is unique to the firm and matches with the market 
variables as suggested by the Resource Base View 
theory. 
4.2. Conclusion 
Linking volume flexibility, founded in operations 
management theory, with the dynamic capability 
theory via system dynamics allows for rational 
enterprise strategic decision making capability and 
hence achieves organizational strategic flexibility that 
may outperform competition.  
Industrial enterprises will have to adapt their 
manufacturing capabilities to outperform the evolving 
industry benchmark.  The benchmark evolution speed, 
either in market(s) or between industry members, is 
affected by the evolving customer preferences and the 
degree of allowed competition governed by policy 
makers. However, under different scenarios, given the 
universality of the uncertain environment, results 
shows that volume flexibility capability is commonly 
desirable by the enterprise to achieve a certain level of 
competitive advantage in its market(s).  
Due to capacity acquisition and adjustment lags, if 
orders rise faster than capacity, the delivery delay for 
the product will rise, lowering attractiveness. The 
effect of availability on attractiveness forms a 
balancing feedback that can limit sales and market 
share during periods of growth when capacity lags 
orders. Market saturation occurs when more marketing 
drives up the adoption rate, which gradually exhausts 
the pool of potential adaptors. Also, more adopters 
cause more word of mouth, which drives up the 
adoption rate and leads to eventual market saturation. 
Different product life cycle affects the industry 
speed and that may change the wining strategies 
adopted by the competing firms. In short industry 
cyclic time (2 to 4 years) the winner strategy was to 
match the industry demand as fast as possible and 
adopt a strategy that focus implicitly on order 
fulfilment while in long industry cyclic time (20 to 40 
years) the winning strategy was due to differences in 
outsourcing performance between the competing 
firms. This confirms the hypothesis that there is no 
absolute wining strategy for the enterprise and the key 
factor to success is the relative match with the 
dynamics of market requirements to continuously 
maximize its payoff function. 
Higher pricing leads to more profit per unit, but it 
also drives down product attractiveness and causes 
lower market share, which may lead to lower overall 
profitability. It is also noted that more revenue allows 
more spending on marketing, which increases brand 
equity and drives up product attractiveness and 
therefore increases the targeted market segment.  
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For each strategic move the firm takes, its 
competitor can respond by either matching or even 
undercutting it. For example, when the firm spends 
more on R&D to improve product functionality and 
introduce new version, this may induce the competitor 
to invest more in R&D. Experience accumulation and 
knowledge lowers unit costs or improves product 
functionality and push customer performances.  
Finally, global manufacturing networks that 
coordinate outsourcing, enhance responsiveness and 
share information fairly are expected to dominant the 
next era of manufacturing practices on the strategic 
and tactical levels as indicated from the “relative 
effectiveness” of the outsourcing capability in 
different scenarios. 
4.3. Future Work 
Before discussing the potential of future work, one 
shall consider the major forces that are affecting the 
world life as we know it. The struggling to cope with 
the aftermath of the recession and its consequences not 
only represent a problem in the developed world but 
also in the developing world. The major trend of the 
post-recession world is that there will be fewer people 
doing more work, with the demands of new 
technology and global competition unfavourably 
affecting their work and private lives. The pressure for 
more environmentally friendly sustainable industrial 
solutions and business models that integrate social 
responsibility and promote cooperation rather than 
competition are not an option any more. As a result, 
the major transformation from competition to 
cooperation is unavoidable for success in the future. 
From this, the suggested potential work may be as 
follows: 
x Introducing the minimum number of labors as 
constraint and studying the effect of wages and 
learning responsiveness in an exploratory study to 
analyze the “Union Effect” on enterprise market 
performance. This attempt may help in exploring 
the social effect, labor social satisfaction and the 
firm’s social responsibility with respect to the 
relative importance of the product utility and firm 
profitability. 
x Introduce small market fluctuation and inventory 
that target to dampen such fluctuation to explore 
whether or not this type of fluctuation affect long 
term strategic decisions for capacity adjustment. 
x The model can also be extended to include new 
domains such as knowledge management. Most 
knowledge management approaches rely on static 
processes as well as on documents indexed by 
formalized data. However, these approaches are 
inadequate for highly dynamic and volatile 
markets. Integrating knowledge management with 
the introduced Enterprise Strategic Flexibility 
(ESF) model to explore its effect on the enterprise 
learning curve may shade some light for new 
standards for competition in knowledge based 
driven economy and foresee the social and 
economic benefits of global coordination 
mechanism that promote knowledge and resource 
information sharing. 
x Expanding the automation process to include the 
strategic decisions by integrating Artificial 
Intelligent Neural Network (AINN) methodology 
may be interesting to overcome the bounded 
rationality of managers taking decisions based on 
their personal perspectives and limits to risk taking 
ability. 
x Finally, examining both the evolution of customer 
preferences in adopting products and the evolution 
of competition strategic behavior using Agent 
Based model simulators and linking it to the ESF 
model may lead to a leap in market dynamics 
studies for industrial enterprise regarding its 
strategic formulation process. 
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